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MicroscopyMicroscopy is one of the few is one of the few
methodologies applied tomethodologies applied to

nearly every field of sciencenearly every field of science
and technology in use today.and technology in use today.

A microscope can be asA microscope can be as
simple as a hand held opticalsimple as a hand held optical

device or as complex as adevice or as complex as a
multi-million dollar researchmulti-million dollar research

tool.tool.

Using these instruments,Using these instruments,
both scientists and studentsboth scientists and students
can   explore the synergisticcan   explore the synergistic
relationships of structure andrelationships of structure and
properties of a wide varietyproperties of a wide variety

materials in both the Physicalmaterials in both the Physical
and the Life Sciences.and the Life Sciences.

From Ants to Atoms

From Ants to AtomsFrom Ants to Atoms
Microscopy is needed nearly everywhereMicroscopy is needed nearly everywhere    
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Scanning (Electron)  Probe Microscopy
Deals Mainly with  Near Surface Region

Transmission (Electron) Probe Microscopy
Deals Mainly with  Internal Structure 



Optical MicroscopyOptical Microscopy
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http://www.itg.uiuc.edu/technology/atlas/microscopy/confocal.htm



TransmissionTransmission Microscopy Microscopy
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http://www.itg.uiuc.edu/technology/atlas/microscopy/confocal.htm
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In Materials ResearchIn Materials Research



Enter the Challenge!Enter the Challenge!

SEMSEMOMOM

TEMTEM

Comparison of ModesComparison of Modes



  

                                                                                  

••  Cold Field Emission Electron SourceCold Field Emission Electron Source
•• Vo: 50 - 300 kV Vo: 50 - 300 kV

••  Ultrahigh vacuum (UHV) environmentUltrahigh vacuum (UHV) environment
•• ~ 1 x 10 ~ 1 x 10-11-11 torr - Gun, < 2 x 10 torr - Gun, < 2 x 10-10-10 torr - Column torr - Column
••< 5 x 10< 5 x 10-10-10 torr - Specimen Preparation Chamber torr - Specimen Preparation Chamber

••  Electron Optics capable of :Electron Optics capable of :
•• STEM / SEM: STEM / SEM:
•• TEM: TEM:
•• CBED/SAED: CBED/SAED:
•• Other Modes: TSEM, TSED, RHEED Other Modes: TSEM, TSED, RHEED

•• Side Entry Goniometer Stages Side Entry Goniometer Stages
•• RT Double Tilt Beryllium: RT Double Tilt Beryllium:
•• LN2 Cooled Double Tilt Be Stage: LN2 Cooled Double Tilt Be Stage:
•• Single Tilt Heating Stage: Single Tilt Heating Stage:

••  Analytical SubSystems on the E/OAnalytical SubSystems on the E/O
ColumnColumn
  •• XEDS , EELS,  AES XEDS , EELS,  AES

••  Specimen Preparation ChamberSpecimen Preparation Chamber
•• High Pressure/Temperature Gas Reaction Cell High Pressure/Temperature Gas Reaction Cell
•• Thin Film Evaporation Chamber Thin Film Evaporation Chamber
•• Mini-SIMS system - Gallium LMIS, Quad Mass Mini-SIMS system - Gallium LMIS, Quad Mass
AnalyzerAnalyzer
•• RV LEED & Vacuum Transfer Vessel RV LEED & Vacuum Transfer Vessel
•• ANL MultiPort Station for development work. ANL MultiPort Station for development work.

••  Computer ControlComputer Control
••  Special Objective Lens PortSpecial Objective Lens Port

ConfigurationConfiguration
••7 Experimental Ports on Objective Lens7 Experimental Ports on Objective Lens

         for Analytical Equipment         for Analytical Equipment
••3 Additional Ports for Electrical Feedthrus etc...3 Additional Ports for Electrical Feedthrus etc...

ANL ANL -  -  Advanced  Analytical  Electron MicroscopeAdvanced  Analytical  Electron Microscope

TransmissionTransmission Microscopy Microscopy
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US Patent # 6,548,810US Patent # 6,548,810



Optical / SEM / TEMOptical / SEM / TEM
ComparisonComparison

80 µm

Scanning Electron MicroscopyScanning Electron Microscopy



SEMSEMOMOM

TEMTEM SCEMSCEM

Comparison of ModesComparison of Modes



SEM TEM

STEM SCEM

Top/Bottom Effect

You Can’t Beat Physics
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 There is still more  you can do



 .. And more
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TEM SCEM

TEM SCEM



       TEM       TEM       SCEM      SCEM

Real World Application of SCEM
Semiconductor Device Failure

Electromigration Voids in”Real Devices”

Collaboration with J. Gazda of AMD
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Biological Biological ApplicationsApplications
5 5 µµm thick TEM sectionm thick TEM section

Collaboration with P. Hallegot L’Oreal Research Institute

1 µm thick sections



TEM SCEM
1 µm Thick

SEM, SCEM

5 µm Thick



10 µm Thick Sections
Skin



What is Next?What is Next?



High Spatial Resolution ImagingHigh Spatial Resolution Imaging
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